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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the reliability of 
a juncture by connecting electronic parts and insertion 
parts to both surfaces of an org. substrate by lead-free 
solder contg. Sn, Bi, Ag, Cu, In at specific ratios and 
making the solidus temp, of the solder on the front 
surface higher than the solidus temp, of the solder on 

the rear surface. a ?4 



SOLUTION: The electronic parts 3 are reflow soldered — £ 



to the first surface 1 a of the org. substrate 1 by using %^J^ — ^rj^^--^^^^j^^'$' 



the lead-free solder 5c for reflow. The lead- free solder J ~ 111 '. ' ". \ , . 

5c for reflow is the solder essentially consisting of Sn "7? ^ 

and contg., by mass %, 0 to 3 or 50 to 65 Bi f 0.5 to 4 Ag 
and 0 to 3 in total of Cu or/and In. The insertion parts 4 
are inserted from the first surface 1a side and are reflow 
soldered by using the lead-free solder 5c for flow to the 
second surface 1b. The lead-free solder 7a for flow is 
the solder essentially consisting of Sn and contg., by 
mass %, 0 to 65 Bi, 0.5 to 4 Ag and 0 to 3 in total of Cu 
or/and In. 
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U^P-(*^£f*ltL. Ml^m^SPp a p^. SnSifif^ 



tL, B i $-0- 3ma s s%$fcli5 O — 6 5ma s 
s%. AgjO. 5-4. Omass%. CugKli 
I n££gt0-3. Oma 8S %ttfM7'J 
— l*A/f£|c J: o TSIESB 2 ® t ELKom 1®ICJ7P- 
(*A/*£ttlt-f 4'J ?P-f*^£ft(-)-xg<h. 

m^«Pp n p**/<-T?«iaL. ^sti/cm^SiJp^omfii 

iCfcTLT* Sn^»d:L, Bi£3-65mass 
%s AgjO. 5-4. Omass CugKli/ 
Xtf I n$^ItO-3. Omass%#*CL. 

mm&m 1 m^o*) z>v-mmtAjt*<Dmttm : &m&L 
_t(Dfs z? u -i3^f£i::£ o t*c®&«<7>35 2 * ? 
p-i*A/«ftifr 4? p-i*A/f£ititxfii: s^-r 4 c 

4o 

[0 0 15] *fc*968)l*. m^aJp D p*. Sn£±J«# 
£ Bij3-50mass%, AgJO. 5 — 4. 
Omass%. Cu?L< it/Eilf I n $"&It O — 3 . 
Omas s%^^-r4^37U-liA,t£IC c toT^Ste 

cam i sfccfetfisa 1 ®<D&*f(Dm 2 ®iz »j z> p-i*a, 

f£ttlt^4U^P-li^f£ttlfX*l<!:. S2®^0)1T 

gPp a p$*/<-T*«SL. &mtstitzm*$i&<Dnm\~iti 

It, Sn£±p£#£U B i £ 3-6 5ma s s %. 
AgSO. 5 — 4. Omass CugL<li/Sl/ 
In^^ItO-3. Omass%ttL, SffiSiSS^ 

Mism 1 ®^co u ^ p-mt9li^t£(D@^a^SJa±(D 

^ ^ U ~l*A>/£lc J: ottiilS^S 2 Bffifr h>^P- 
ItAitlttttT 4^ P-l*A/t£#(tXSi: 4 c t ^ 
t#fifcir"^"4t&37 >J — li A/t£$-fflL^fcH^^>£"C&4o * 
MIH^•7'J-li^f£^fflt^fcll^}^^cfc 

7 P— f*A/f£frHt Stlfc* 1 ®<D&? U -^*^t£;a]SA< 
1 3 6. 5°CJaT<t-r4C < bS^®<t-r4o *fc**W 

li. «ilB^7U-iiA//£*fflUNfcll^^i(cfc^r. m 

zmmfrt>7n-i*A,t±m+-r 4ns. miBcou^p- 
I^f£^itaic^st4^x*pfe^^itr^a]-r4c < h* 
^«s^-r4o 

[0 0 1 6] ia±Bl«Lfc*3l=. «>E«*l=*4itf. 

^^sPp D p^om^a5p D p*. aw»»»t«jM-*»^>j- 

(*>vf£^ffil>r. tattttS§L<iST$^4ci:^<. 
Jglcffl^^Jtil 8 3°ClCiJi^CtT. flfe< t3fe<. ^L< 
mm<± £ 4 C t ft < Rfrii<7>f&l$$i£-e tot l^t£« 

it l r $ ft ± * 1± 4 - 1 a< r*^ 4 o 

[00 1 7] *tz. TOE**l=J:*ltf. #^XX7t^> 

^sus*. mm^mzi&mtzsn-Ag - (b i ^ 

If/titzl* (CugKlil n© ) S(Df&^U-fi^ 
f£*ffll^r. tetttt$¥L<i£T^1i'4ctft<. Ml^ 
^^^1 8 3°Clri&^lfT. Bfe<tft<. mL<Mtir 
tf$L C 4 C £ ft < RfrHOfg^SiS-t: t o T I* A/fc # #lt L 
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x mm a <r> (i m \t £ a ± * a c t *<-e # & 0 

[0 0 18] 

[0019] [g1 <&HSfi(Dff28g] *§£Wt~{&% L S I 

^t£$•ffll^r ^ J^p-l*^f£^ltLrllS•r^S1 om 
[0 0 2 0] «^**«^-r^^^'j-i*^f£$ffl^ 

^£0>H«frt>ii«2 2 0°C~2 3 5°CfiSJaT(^r^ 
M^fc^o *^S«±lCff^$Hf-Cu, N i 

< . L S I 3 a V ^p a a 3 b m<»n=F&& 3 

^stsia)mi®i afc<£tfm2®i b^icj^p-ffl 

fo^'J-l*A,f£5 a. 5b^^«^t^ta 

«te^<D®^p a pO>||gfrfcl>T. ft2 3 5°Ct'j7P 
#®U^n~ffl^^U~liAyy£5 a. 
5 b0iSffl8;Sa«fe2 1 5°CiaTlC-r^^A<& 
6o EUfi. §8? U— l£A,/£T*fe£S n-Ag-B i 3 
7C&l::fct^TlS?M 8 3°C(Cifit^^$#^C<!:A<t?^^ 
S n-A g. Ag-Bi 2 7C*a8C^otB i 

^b^i±fc < t^(7)@ti^S9. 1 i. }&mm&mi o. 

Ag-Bi 37C^&&l;:fclt£S n -A g 2tc^^^± 
OSffl^SS^o 1 0(4. &?U— liA/fcfT-fc&S 

n-Ag-B i 3 7C^^^lrfclf^ S n-A g 2 te&iH 
i±(D»fi8;gSS^to 1 II*. ^^U-(*A/f£-Cfc 
§Sn-Ag-B i STtS&mzteli&A g-B i 2 7E 
^ B ^±(0@*i^S[$^-ro 1 214. *&?U-{£A,f£ 
n-Ag-B i 3 7C^^IC^If^ A g-B i 
2 5c*ilig±<&&fflig;UJS£^*ro ZtUZ&%t. B i 
I^Oma s s<*Ot 

lc£)2 2 1°C££:5j&<, SKWlC^b+tfr^irLT. 
2 3 5 0 CT-'j:7D-"r£f;:tf>l::|* % 2 1 5 

0 cjaTT-fc<T{4fct>-*\ cti£5SfcLTfit>^t^o <t 

Sn-AgIC, 1 n -tf>C u £ 0 ~ 3m a s s 

B i t^ffite6 5ma s s%£Jg;L££B i CD®< TBS 
5ma s s%C0®fflfCfc^4,<X>^U 7P- J?!(4Ay/££ L 

[0021] ip*>. $ 1 <7)HtS(7>^fi|icfciNrri. l s 

aj3d:i;g2l1 b) lr. S n ttf&ftt 



Bij0-65mas8%, Ag$0. 5~4. 0 
mass%. CugL<l*/Mln9^8tO-3. 
Oma s s%^Wf £fflnS0>S.n-Ag- (B i fc<|:tf 
/£*:(4 (CugKlil n) ) OT^^ U— (*A^f£^ffl 
^T<)7n-\£A,tzmi"f$>Zt\zS!>Z> 0 &IZ % Ag£ 
O. 5-4. Omass%^tStSCi:i:<l:ot, 

n-58mass%Bi dtfc^T® < T8fclM4ftrt<fc < 

£6o ft*>\ CCT-te. §l!]tiS«[10l1i1 ale 

U:?P-l4A,f£ttttL. &ic*r«8S«i ££?nL-cmi 
®1 a STlc L. $211 b\zt)7n-teA,tzmi+& 

-i4A//£5a. 5 b^Lx. @^*i^ss^tt^iafti-r 
ztcD&m^&tz. nil afcu^^tL^m^sua 

t LtQFP-LS I ^(D«fc5lCit&MSl^(Da<fc£ 

m^izitzomi'^immmm^m^xmmm^LMz 

L>^(7){COlxrii. @£L#<-Ct. ^"CL*5Ct 

i4£:i*o 

[0022] *fc % mio>iijSfia)j^fiiicfec>T. mzm 

£U?P-(4^£ttlf-r 3 BEd'J ?P-l4A/f£ 

^lt$*tfc$1®(7)ia^U-l*A,y£;aSS 1 3 6. 5°C 

ixTt^rhzktfm&fr&o z<Dmi<Dnm<wtmiz& 
et fflt^r u ? p-i*A,*£ttii- <r £ - £ £ oif&icir* c 

[0 0 2 3] (SM60H-1) Slii:it!iD<, *?\ 

1 . 6mm. s®9 Omm. H1 1 4 Omm. StRSitf) 
ffl^Hl 8//m<D^^XX7K4rvStellCU-Ke^ 
^:0. 5mm. >J — KS : 0 . 2mm. 4 fflO) 'J — K 

: 2 0 8. Tf)&3 2mmft(DQ FP-LS I 3at 
**&1. 6mmx3. 2 mm<7)^ »y ^SUrp 3 b £ jfflfigS 
n — 2. 8Ag — 15BI— O. 5Cu : m a s 

s %) (iffi^t : i^} 1 5 5 °C. ISffittatt : Ifa 2 0 
4°C) <ZM*A,f£'<— 7. h5 a 1 iCcfc y g*£<Z>® 1 ® 1 a 
iZfoZ 2 0°C-C'J^P— mSiLtco ^IC. COSffi 10) 
$111 a£Tl3LTS*5lCD$2® 1 bCtlllt 
(5]i:QFP-LS I 3 at?VZf&&3 b £$&|£S n- 
2. 8Ag — 15Bi— O. 5Cu (^fi : m a s s 
%) (mftW&m : M 1 5 5°C. : 2 0 4 

°o a>^i^f£^— x h 5 b i icefc y$^2 2 o°c-eu 3?p 

— l4A//£f*ltLfc. SiJ*Sn-2. 8Ag-15Bi- 
O. 5Cu (ffi:mass%) <DI4A/*£'<— X hCDii 

@ffi^SSIi^i 5 5°c. ?S«^SliSKi2 0 4 0 c 

fcfty. LT2 1 5°CJUT£$5SU 2 3 
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o°c<fcu i o°cm&m^mz 2 o o cr-y ;7P-fg*$£*f 

ZZttf-aZZo ^0)&f % a (DnftopCDft Q F P 

-LSI 3a<D*gffil|ZfggfWT?@£Lfc*<. ItifcM 
3 bli@gl^<ttS2l 1 b(7)U^ 

p — m i cgp p D P *<&T-r 3 c £ «: a* ^ fc 0 

[0 0 2 4] *(Dt££. tS^CDStSl (7)SS® 1 a. 1 
b(DQFP-LS I 3 a<7)U— K€B5£cfctffl 6|C^ 

-r*a&-e»«Hic»Lr4 5* a^rajicsiosiy. bb 
»(c«Ktffi*4ST?a>5loay«BG>**B (cHS 

4 5° e-iUSJJtfcW-Kcfcizr*) MtL« ^fcHit 

t us ufc t z *>mfom&t*>m e n £ ft y +#ft3£AA< 
^fcx-x h 5 b 1 *ffli^t'j 7P-»«t6B, mi 

m 1 a |C'J jfrfcli^fi'*—;* h5 a 1 ^(D 

§*s?i*'>ft<. mini ai=oi*T*+#tttt«sft*s 
^^cta<T?^fco ftfc. las i*. 4 5 9 tr-;uias£2£ 
■a>±(***-rHT?ft«. H6l* % 4 5° e— jukbb 

**Lfctt*B"Cfc« 0 4 5° e-;uK»«B(*. 

ir£fci*i*i**4i 6 $4 5° «itr*m*it*»*i 5 

i^bb***. c<0cfe5ir««s+ifc4 5° e-;uHK 
<dtj ftosi o» y ««o>«*« taifi-r * c t ftnra & 

ft£>o 

[0025] cnjte^ 1 - 2 ) mi Izmir tu < . *r . 

IS* 1 . 6mm. $6t9 Omm. fit 1 4 O mm. StK®(D 

SSJS1 8//mM7Xi^yHfiil:'J-Ktf^ 

^:0. 5 mm. U — KB : 0 . 2 mm. 4 iflCD U — K 
*» : 2 O 8. -*9fe3 2mmftOQ FP-LS I 3 a £ 
^■3*1. 6mmX3. 2mm(Df 7^SPp d p3 b J^lSS 
n — 2. 8Ag - 1 5B i - 0. 5Cu : m a s 

s %) (Bffi&a A : » 1 5 5 °C. ftffiHa A : til 2 O 
4°C) (DttA/ff^— X h 5 a 1 fCj; ySffi 
aiafe2 20 o CT?'J ? P-&SI Ltro 
©Slffil a£TClL. St5lCDm2®1 bl:t»1ffl 
tfslCQFP-LS I 3a fc???M3 b £fflfifcS n 
-1Ag-57Bi (»fi:mass%) (HffiBa 
A : & 1 3 7°C. «48£BA : » 1 3 7°C) CD(4A.f£^ 

—x h 5 b 2(cj=ytti 8 o°cr*u ?p— i*A,t£f+itL 
tzo ccnmrnmcDm^. i^tf^-x h 5 b 2<z>;£ffl*g 

Sftffi 1 3 7°C£. liA/tf^-X h 5 a 1 0>HffittaA 

y . m^gPp a p 3 £s*s 1 com 2 ® 1 b ici**,***— * h 

5 b2lCkyy^P-ttA//£ft(+^*l8. SUlal: 



teitLfciiA/ff^-x h5 a 1 icaofr&y ?p-aA£ 
@*§taaA«ai ss-cooifittic-rscfc^RTftttty. 

Q FP-LS I *©<fc3l::ttttWBl*fc©^*»T"r* 
toHBttftl*. &*£&<Dg}£ 1 (0(35® 1 a. 1 b(7> 

QFP-LS I CD U — K<D 4 5° t— JUBA£*H5fc 

KHI^tiKe N ft y +#ft&AA<&« Stir c 
t^^ofc, flH*>. U^f*"*— X h 5 b 2(Dj8ffl|ga 
Afa13 7°C£. liA/ZS^-X h 5 a 1 CDH*B«aA» 

1 5 5°C«fcy*«< Lt&4fci6, $211 bl=l±A£ 

^— x h 5 b 2 * hii^c y ? p-m^-r sb« m 1 b 1 

a icy 7P-}S«|$*Lf=(*A//f^-X h5 a 1 ^CD#« 
l*HJfiffil1 -1 (rtt-<TI5<tA/<i:ft< s S211 bl*«J 
B« S1I1 a|zoivc*+#fc«BB«*»«::i:*< 

[ o o 2 e ] cm 2 a>mmo>»m l s i 

^^^^p a p^<Dm^p D p*^^xx7K*v^cD*r^^ 

^P-ttA/fcttltU 4f»&K<D£® (mi®) 
fii]<fcy|iApfp a p*tiAL. S® (12®) (=«7U— 12 

^f£Sffli^r^p-(*^£«-itSfTorjitt-r4»2CD 

SfiSE-r^»^u-(*A/f£*ffli>ry 7p— nicety u 
f*A//£ftifr*iBa>aii»aAJ*. *7xi^v 

2 0 G C-2 3 5 fl CSAtelTl^rfti2«^&4. 041*. 
^^'J-(iA/^£r*fe^S n-A g-B i 3 7C^lcfcl^-C 
Ml 8 3°ClCiftL^jiS*»*Ci:3b<T?**S n-A g. 

A g-B i 2 5cMSi:^orB i B*aE<b*#fct* 
OSffl8;gS9, 1 1 « jMSHBK 1 0 , l,2tSLt 

l^'So CttlCcfc-S^. BiiA<Omass%(D^ii 
«aAfc<fei;jSfi«iaA^lr3Kj2 2 1°C<tft^3t)<. «K 
MlC»&*Lfc*f*tLT. SKl2 3 5 0 Ct* l J7P-«fc 

afrizii. ?Sffl«aA*2 1 5°cuJiTr*ft<T(iftt>-r. 

Ctt*jffifeLri*t>ftl^o Sn-AgiC, 
InKujO-3mas s %a*D-r 6^ t "C. 

8&aftx&si*ttft<&»ffitfta&&2 1 5°cmTic-r 

SCt^S^o L^L. Bi§M6 5mass% 
Jiffi^^irB i (D®<Tifil>ttHA<l*A/f£*tlcS»S$ 
4-^.^>/rtf)B i ft£<0~6 5m a s s%CD®SlCfc^4 l 
(D/)<»J ^P-fflliA/f£t LTttffltiZiA^Sit* 
*«mi:»*i*ifccu, N i^CD® 
»c»Lrto*ittftBJ±*lir. Ml^lK^S^i 8 3°cfz 

ift^itr. §fe<tft<. SL<d«f^i:s-i:ft<m 
BcD«tt»s*a«*r«ie«A<fc* 0 

[0 0 2 7] mz % 7n-\tA,tdtt\+it. mkltAitiifi 
let* to* S WHI A<»8? t « t Mttt ^ * . BEI= I* 
A/f£f*l+ U 7 P— ffiCD(*A//£$«B-r *ifeS/»<a& 

So S2rz^-Tcfc5lC. LS 1 3 a^^^^SPfpS b^P 
0>fi-««Mq3S. ^«SffilCDS® (»1B) 1 a(C 
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■J V O-mtQy >J —(**//£ 5 c £ffil*T »J 7 P-liA/f£ 
ttlt*frl\ C0)W«ISteia>mi®fiiJJ:yffAgilp a q4 
JSAL, *<7)&1 (R29) 1 bicft^ij— |*A/f£7 

KL aAa>iJ7P-fflft7UH*A/fc # 5c 

«Ti±ficyi=<L\ 0 fir, U7P«-fflfB7u-i*A/ 

f£5 c<tLTC<0&#£5S*:TaMi. SnB*^ 
L. Ag?0. 5-4. Omass%. C u ^ L < I* / 
n3?£^ftO~3. Omass%t§nffllS(D 
Sn-Ag- (B i fc<J:tf/£fc:(* (CufKIJI 

n) ) a>flB7U— liA/ffirlSltT. B i*a<«too~3 

mass £ % Hfc 50-65mass %0}*§^ 

■Cfcy. C(Di^7P-ffl(i^£7 a(OB i iliO-6 
5ma s s<X>£Tr&Z.ttfT'$&o 

[00 28] — R191 a^a)'J7P-fflliU£5 

0 — 65mass%. Agf O. 5 — 4. O m a s s 
%. C u§L< fi/&l/ I nl?$^-ftO — 3. Omas 
s%^^-T^|fliSC0Sn-Ag- (B i *SJ:tf/*fcl* 

(Cu?L<(iI n) ) <0»^U-(*A/fc*|Cfclxr. B 

1 gtfffite 3-50mass 7 B—mitAjfc 
<T>B i fi£3-6 5 ma s s %(Dt5H«fc M 3&Xf+ Si 1 

a>y?p— imb^u— (±^£5 ccDHffita&jt*. m2 
Bs©7P-fflfa^y-ttA//£7 ■ airaMUEULtfc'r 

Tr. U7P- Lfcf*4/f£5 c 5 
uir^T^^ AgJO. 5-4. Oma s s% 

WftttHtfggttL. «*I*S n -5 8m a s s%B i \Z 

JScD^sgic^>i>r . 1 2 mi^ b ? p— itA,t£m+-t& 
mi ®a)•J7P-^i^/£#(tffllc^ / ^ sti^^x^^^# 

[0 0 2 9] a±BMHLfc*3l::. l2 0>i|J6<7>fl2fig(:: 

f££Jll*Ttf-l (Hi) ^<7>y ^p-l±A,t£f+iftWr 
1 (S2I) ^<D?P-(^/£ttlt<br£r£C<h£pI^ 

i^-rac: Lfr*,*r«BSfii iii^^/S^ttfcc 

8 3°Clcifi^l-tT. 8fi< 5gL<d#W£ 

c a c t u < Fftmo)tm&& £ mk-t* ztt<xzz> 0 

[0030] (3SJ6«2-1) S2ic^jm< % 



IS£ 1 . 6mm v l9 Omm. fit 1 4 Omm. g&KZ) 

^JSJS i8|/mM7^i^ 5/StR 1 1cy — K if ? 

^:0. 5mm. 'J— Kfl:0. 2mm. 4 "J — K 
#5& : 2 O 8. 2mmft(DQ FP-LS I 3 a £ 

^Sl. 6mmx3. 2mm0)f 7?Srp3 b^ffifiES 
n-2. 8Ag-15Bi-0. 5Cu (9&:mas 
s%) 5 5°C. &«f9S®:fSj2 0 

4°C) (7)j£^H^#;ajg«|ii^|#o^(^f£^-X h5 
c 1ICcfcyW«Steia)Slc5l a!Z»2 2 0°C-C'J 7? 
P-tgj&Lfco afl*yff 
Agfln a 0 4£#AL. a® ($2@) 1 b|C$tj 1 5 0°CfC 
LfrSn-1Ag-57Bi : m a s s %) (@ 

: 3KJ 1 3 7°C. jaffittaft :fi1 3 7 0 C) Ofi 
3SI*A/f££ST\ 7D-mt:7a 1C:<J; 3 37 P— I* 

®1aOQFP-LSIO'J-K045 o e~ JU&Jt 

H5feJ:Li:El6|z^-r^T*;1^L. ¥»tt*ajL 
fc £ c *>»ffiffii t 6 n <t ft y +#fc3£Jt *<5t« £ 

tirt^C &A<t>^ofe 0 fiP*>s ?P-JBI*A,f£7 a 1 
<A?$t§*£;S&S$ 1 3 7°C£. It/vtz*— X h 5 c 1 0>m 
ffi&flftftjl 5 5°C£y LTfc3*:tf>. S2®1 

blC^P — fflttA/f£7 a 1 zmi^x 1 ) tiffiiTZ 
mi@1 alZtjyu—tetitZixtzitAjtz*-* h 5 

c i ^0>K»i*l5£A,±ffc<. 121 1 bli^ia. m^ 

Ml aiZ^X^+fttsfe&fefeZ'ftZzttfVZtzo 

[0031] (mmm2-2) m2ic^-r^<. 

H$1. 6mm % 19 Omm. fit 1 4 Omm. Sffi@0 
ffl^SBl 8//m(D#^XX7t^>fi;|£1 (eg- Ke*> 
^:0. 5mm. »J — KM : O . 2mm. 4 23(7) U — K 
: 2 O 8. 3 2mmfl<DQ FP-LSI 3ai 

^t?i1. 6mm x 3. 2 mm<7)^ ^ ^SPop 3 b &$&f& S 
n~4Ag-1Cu : m a s s %) 

S : $?I2 1 5°C. ^ffi^g : ft) 2 1 5°C) (7)St^@iS 
^^Se^ofcli^K-- X H5 c 2lcj:ySfii 

o)lni a 1^2 3 o°ct?y ^p-fgmufco 

C^8ffiia>SlI1 afflcfeyff AgPa a B4$#AL. s 
I (S2S) 1 blc£j2 1 5°ClZLfcSn-2. 8Ag 
-15Bi-0. 5Cu («g:mass%) 
;US:ft)1 5 5°C. SMItaa : ft)2 0 4°C) OOlSttt 
^f£^^r. 7P«ffllUf:7a2|: ( |;|)7PH^f£ 

^it^tTft^fco s^<7>s« 1 com 1 m 1 

aCDQFP— LS I<7>'J — K(7) 4 5° tf— ;U®S$. 0 
5fccfcl/ll6lc^-r^T*?S^L. ¥ttJ«t^tHL/i:i:C 

^Stei^®<htftj6Ntfty+^ft3iS^«3?*trt> 
^Z^^^ofco Iil*>. 1211 blc^P— m\t/ut£ 
7 a2Zm^X>)Z?n-tm-t*>ffi. £111 alC'J^ 
P-^S^$^^frl*^y£^-x h 5 c 2^0»@li($i:A/ 
^ft<. 1211 bli^Jii. H@1 a|c:oiNT4,+# 

ft«Mifta« ?#^> - ttfxztzo 

[003 2] (HJS0IJ2-3) H2|C*f*P< % 



(9) 



t#^¥ 1 1 -22 1 694 



1 . 6mm. $g9 Omm. fit 1 4 0 mm. &}£10) 
fflJSUl 8//m(0^Xl^vSffi1 |C>J — Kfcf? 
^:0. 5mm. U — KM : 0 . 2mm. 4 JQCD 'J — K 

: 2 0 8. ^$3 2mmft(7>Q FP-LSI3ai 
Tf?5fe 1 . 6mmX3. 2mm(Df '^6ilp 0 q3 bfffllitS 
n-1Ag-57Bi («(±:mass%) (148*8^ 
S : 8)1 3 7°C. fc«tga£ : »1 3 7°C) <0&l^@fc 

&&&&min o feitA***— * h5c3i:ctyifii 

0)$! SI alC&n 8 0°CT?'J ?P — RffcLfc. XlC. 
C(DS«10)Sli1 a «*y*IU«& 4 £t*AU ft 
@ ($21) 1 b|C$t|2 2 0°C|CLfcS n-2. 8Ag 
-15BI-0. 5Cu (|g:mass%) (BffitS 
j&fi : fil 5 5°C. : «20 4°C) ftlftSKI* 

A;fitat, 7P-ffll^f:7 a 2lr<fc-5 7a-f4A/f£ 
ttlfSfrfcofco ?P— JBI*A/*£7 a 2(Di$ 

ffittai£ft2 0 4°C*><. I4A/*£K— X h 5 c 3<D@ffl!g 
a«»l 3 7°CJ;yt*L<K<. Kffi (*2B) lb 
|Cft|2 2 0°C[zL/rS n-2. 8Ag-15Bi-0. 
5Cu (Hi:mass%) a)lS3£l*A/f£A<^ «fc tf>. 

S1I(D'J7 £?rUitz&8i&l<Dy p— flJI*A/*£ 5 

^M^Sffi 1 <7>m 1 1 1 a (DO F P - L S I 0) 'J 
-K(D45° e-;U?tJS^. S5feJ:i;gl6(C^:-r^^ 

:7P-ffl(*A,*£7 a 2(Di«ffl^;aSj^2 0 4°C#. 
{tAstz^-X h5c 3<DB4BtK»££)1 3 7°C«fcy *K 
<#oT. $2@1 bfC^P— ffl[£A,f£7 a 2'*m*T 
'J ^P-JglTf 7P-ffiliA/fc*5c3li-BS4 
K*II*«J»BLfc£LT*«2B1 b li«)B» $111 
a(=oi\r*+#3S:»«Mi*t»*ci:A<-e*fc. 
[0 0 3 3] [$3<*>3ll£<Dff28l] *^|:i§LS I 

*fc<5>*r«a*s<Dai (mi®) ts&xtmm ($21) 

S«50>S® ($1®) flQJ:y*?Agflp D p£»AL. g® 

(It 2 ®) \zt&y u -tt^g *ffli\r ^ n— i**£ttrt 
i x t >j ? p— ipicct y y ? p— i*A//£f*itr *Bsa>*itt 

SKI*. #7^X7K*S/«©»KA^6ft**««Sa)B 
»SS(DBIfi6^'ba«2 2 0°C~2 3 5°CgSlUT(Cf 
0 414. fB?y— tt^/£T?&4S n-A 
g-B i 3%*|::JSLVC1 8 3°ClCiSt^lttjft*»*Ct 
S n-Ag. Ag-Bi 2^Ml:;9otB 

i*tft<b4-ttfci*a>B*lia§E9. 1 1. ftlBttai 
Sio. 1 2 S^iri>*o c*u^«fc*fc, b i m.tfo 
mas 8%a>^#Bffiisasfeci:r;7SffittasAim2 

21°C£*a*<. «K«rc»6ttfcfti*fcL-C. 235 

°c-ey 7P--r4fcd6ici*. ;ftffittaft£2 1 5°cuit 



A<. Sn-Ag^l:, I nKujO-3ma s s %}$ 

££2 1 S'teJaTlc-TSCfc*^**. L*U Bit 
*<ffite6 5m a s s%f|^|ii:B i (D®< "CBfelMtH 
A<ttA//£»fC»K»SJ|:x.*fc«)B ii^O-6 5ma 

s 8%a>«sBizfc4*o>A«y7P-ffli*^«fcLr«« 

ftt-Cu. N i monWzZtLX&h1t£fa±£lt. £ 
dMAStil 8 3°CIC3fi-5lfT. Bfi< fcfc<. ^L<(i 

**ifc"y ^p-ffia)ttA//£*«Hi"r*(&siA<fc*. 

[0034] H 3 ICj^-f *Q < % 'MTlUdt. 
K10XB (S2i) 1 bf=y 7P-ffl«7'JH*W: 

5 e£fflivcy ^p— i*A/f£wit*frai^ mi 

®1 aa!><T(::&*cfc5(::*«aMfi1 $SIe*^ m^FSP 
ft3«©M (911) 1 alztU 7P- ffl»7'J- 

ttMz 5 d £ ffiiNT y ? p— f*A,f£ttt+£frfc: 5 . x 

IC. C<7)^Stel(7)mi®fflJJ:ytfAgI5p a «4^#A 
L. R5ElcSISI**tfc»2ffi1 b a>«T-fflS 3 fz»»ttA/ 
f£A<A^?)ftL^c*:3lw*/<— -c«B-T4. oi^r*. $2 
® 1 blC^P— JflfR^y — 7 blCfey 7D- 

*£»lttff<C3« $111 a£$2®1 bt\Z % Sn£ 
ifit^tl. BiJO-65mass%, Ag£0. 5 
-4. 0mass%. C u £ L < I n &ft 

0 — 3. Omass%tStl)fflS0Sn-Ag- (B 

1 te«fctf/*fc(* (CuSKliln) ) (D^^'J— li 
^f£|CfcL^■C. 3ftt^B««ffatt««t«ofettA/ff (B 

i|»0-3mass%, fcJ:(/te5 0-6 5m 
ass%) 5d. 5 et"j7P- (*A/£ftlf LfcHft. 

$2ii bcD^p-{4^y•£^ltB#^cs^s1 icjra^^,^ 

"C. U^P— Lfrl*A/f£5 d. 5e«Ltt, Bi 

SI5iS«T(iScyic<i> 0 fit, -C7)^^^/cf 
B i l»0-3ma s s%CDii^ < h. ffita 5 
0-6 5ma s s%(7)ii^r*&y . :0t#7D- fflli 
^t£a)B i gl40~6 5ma s s%tt^C^Ji<t^ 

-So $111 a*tci*m2ii b^o)y^p— m 

^^'J— (4Ay/£5 d. 5 e(D^ft< i: Z>fr-?5 

^£L^@^s^#as^il^^o/■-l^^f£ (b i SA^wte 

3~65mass%) INT U Z? P— tt^Kftlt Lfc 

o£y. />ft< ittf^^^-^cDiiA.^OB i 

l»3-50ma s s %<7>Jf£. $211 b^v<D± 
&mtfLO)ltAjt£S n-A g- (B i &<£t£/^tcl£ (C 
uSL(liln) ) <Di»^y— l4^f£^Zfcl^T. Bit 
£3~ 6 5m a s s %(Dtgffl J: y S^. mi lOltl^fl 
jft^fiFaffi*l$}#ofcy 7P-fflfi7'J-l*W£5 d* 
tc(45 e<D@ta*ia]e£. $211 b^0>^P— I^f£ 
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\mi~mmzimt>t>&v. u^p-L^A^sd. 5 

3 <Dmmoitmiztii\T . $ 2 mu^ * 37 itA,tnt 
it-r 5®. $ 1 @c7)«j 7D-i*^ttit»ic^stt#x 

[0035] vL±t&BMLtz*oiz^ %3<r>mmmm\~ 

t££BH^Ti©i^<D y ? p-iiA,t£ttit t Jti^^ □ 

fri>m&&&i ±.\zr*rft$txtzC u . N i 3?a>®tllc*t 

T. Ift<t,ft<. ^L<{IW*<£L:6::<tft<ffiSI<Df£ 
*fi&Jt £ - <t tfx$ £ o 

[0036] (sasffl 3 - 1 ) ei 3 ic^-rsn < . . 

3F 1 . 6 mm s 9 0 mm, fit 1 4 0 mm. gjKlfl) 

(HSJ51 8 //m^tf^xxTt^vStei Ktf-/ 

^:0. 5 mm. U — K«H : 0 . 2 mm. 4 210) 'J — K 
: 2 0 8. *tf&3 2mmft(DQ FP-LS I 3 a £ 
6mm x 3. 2 mm<D^ :?S5«& 3 b £ fc&fifcS 
n-2. 8Ag-15Bi-0. 5Cu (J|M& : m a s 
s%) : ft 1 5 5°C. ttffittadE:«2 0 

4°C) OteA/^-X h 5 e 1 ICfcUSffi 1Wf2® 1 

* JS$E$i±rm i a i a z±iz ursts 101111 a 

(-tS2®i|^CQFP-LS I 3 a t T V :7§P«S 3 b 

8Ag-15Bi-0. 5Cu (£. 
fi:mass%) (HffitlSS : ft 1 5 5°C. ftffittzB 
St : ft2 0 4°C) CDI**//*"*— X h 5 d 1 |e<*:yft2 2 

o*t?y?n— ttA/fi#ti+Lfc. zo>k£. 1211 b 

^(DgPS 3 CDrtit&tfjMl^Q FP-LS I CO^Sffi 1 IC 

<Tt$1l1 a(7)'J^P-B#^g|5p a p^T-r^Ci:l* 
tefr-otzo tit, CO)*Sl<DKlffifl!IJ:y» 
Apppq 4 £tfiA L. *-<7)gl (S2I) 1 bandy? 
Q-tS^*tt^m^fflp a p3lcSJl!&l^f£A<^^4ax^ 
5d*A— (E^-tf-f) T-ffiffiL. S2®1 bdfti 5 

0°CdLfc:S n-1Ag-57B i <J|L{4 : ma s s 
%) (IfiMiaS : ft 1 3 7°C. jfctSISSK : ft 1 3 7 

°c> <Dmmt/ut£$mx. z?u—mit/ut£7 b i d<ty 

ffiH a. 1 b^CDtJyn—mitAstzS d1, 5e 

1 0>@*§ta^jtft i 5 5°c£. S2®1 b^cD^p— m 

&Ajtz7 b 1 (D^ffi^SSft 1 3 7°CU±lZ?Z>^klZ 

£ot. ^p-l*^fc # ^f^tB#lzs«l^^I^t)'S»r^ <)? 

P-Lf-liAyt£5 d 1 . 5 e 1 Lft l^cfc ? d*T £ 

[0 0 3 7] *0>&m. HiSOSffi^QFP-L 

s i (7>'J- KC04 5° bf-;u5£K£. E]5*ScJ;tfgl6d 



tzo fifl*>. ^P— ffl(4A//£7 b 1 <&j$ffl*ajgKft 1 3 7 
°C£. (i^t£K-x h 5 d 1 . 5 e 1 (7)@4ati;UJtft 1 

5 5°c£y t«< LTfc&*:y>. $2@i bic^p-^ 
f^/£ 7 b 1 zmi^x y z> a— mm? *f&* nna 

fcWS2|1 b d 'J 37 P— JSfilSFtlfcJiAy/c'^— X K 
5d1. 5 e 1-<D^Sl*(5<tA.if<f <. $211 bl* 
S1H alcoL>rt+»^SSI5iJS*«*-<t 

tfXZtz. 

[0038] (ggffifl]3-2) ®3d^-r*fl<. 

1 . 6mm. SSt9 Omm. 18 1 4 Omm. Sffil0> 
fflSIl 8//m(D#7XI^vS«i1 |cy— Ktf^ 
T:0. 5mm. »J— Kffl : O. 2mm. 4 520) 'J — K 
: 2 0 8. -*&3 2mmfl(DQFP~LS I 3 a t 
•+^1. 6mmX3. 2 mm(Df *V 3 b £ fcififc S 

n-4Ag-1Cu (»fi:mass%) 
Jg : ft 2 1 5°C. iSffi*ISJS : ft 2 1 5°C) Olt/utz^ 
-X h5 e 2|Cj:yg*Kl (0^2® 1 b left 2 3 0°CT* 

u^p-ft«Lfco ^i^. c(ds«i ^JSfE^ti-rmi 

®1 aS±iatift1(Df 1@1 alCtf 211 bt 
HCQFP-LS I 3a kTvZf&BiZ b *ffl/«S n - 
4Ag-1Cu (mii:mass%) (Hffl«SJS : ft 
2 1 5°C. ttffitgfljft : ft 2 1 5°C) <D\ZA,tz^-* h 

5d 2lcJ:tJft2 3o 0 c■r?'J^□-^*^f£^^tLfeo c: 

(Ot^. $211 b ^OgPp D n 3 (BrtitSSftSl^Q FP- 
LS I (0^**51 lz^^jT*@^Lfc*<. ItKM^l^ 

p°p i* m ^ l < r t m 1 ico y 37 p —as icgp p°p 
»Tt*ctli*^ofc, tit, coSfiOf 
1 Ifi'JJ: y}f ASPpp4 £ff AL. ^(DSl ($21) 1 
b (DWz y ^ a— ««S4xfc«T-ffla 3 ^C}§m^i^/£*< 
A>A>«b«t^J:5le*/<— (S^-yr-T) T*«IIL. $21 
1 b(Cft2 1 5°C|CLfrS n-2. 8Ag-15Bi- 
O. 5Cu (m&:mass%) (affiltaft : ft 1 5 
5°C. J«ffl8SS:»2 0 4 o C) COHSSli A/f£ $ ^ T . 

^p-miiA/t£7 b 2ir£y:7P— ii^£f+it£ft*o 

[0039] CCDHJ£^l3-2(7)^. Ml 1 a. 1 b 
^U7P-Bl^f:5d2 i 5e2^ffi@;^2 
1 5°C£. $211 b^<Dya—m\*Ajt£7 b 2CD&ffl 

ttasft2 o 4 o cia±(c"r*c^ic^oT. ^p-iiAy 

f£^(t^(c«^fcj!in^)^J»r*. 'J7P-Lf:!iW:5d 
2. 5 e 2^^l!feL^t><fe5lC-r^C < tjt»<T^^ 0 

[0 0 4 0] *<7)$SS. mgl^Sffii^lOQFP-L 
S I <7> 1 J — K0) 4 5° tf— ;U^SS. S5*Jcfct^E!6IC 
ttJj&XfflfeL. ¥>X*m£thLtzkZZ&fiLm&k t 
ft 6 N £ ft y -h^ ft J£ ^? *IT L i S C i: A<t>^ o 
tr 0 IH*>. ^P— mteAstz7 b 2<D?Sffi^JSft2 O 4 
°C£. Ii^-Xh5d2, 5e2(7)@ffi^Sft2 

1 5°Ccfcy^^< LTfe&fctf). $211 b!:7P-ffl 
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fc£tfS2®i bicy ^p-mi&^fttci*^'*-;* h 

5d2. 5 e 2^(Df$Sl*(3:£>^&< % $21 1 b I* 
Ml. S1S1 a|coixr*+^te&®Jt£^£C<t: 

a<r£fco 

[004 1] <ftlfcfl3-3) El3|r^-r$fl<. 
IS£ 1 . 6 mm. Si 9 0mm. 8i 1 4 0 mm. 3MSBCD 

=f- \ 0. 5mm. 'J— KM: 0. 2mm. 4 52(0 'J — K 
*ft : 2 0 8. ^t&3 2mmfl(DQFP-LS I 3 a t 
tSl. 6mmx3. 2mm(Df 7?gPp a p3 bSfflffiS 

n-4Ag-1Cu (JtM£ : m a s s %) (Bfflt§;£ 
JS : 2 1 5°C. $4atft»jC : 2 1 5 °C) 0>tt4/£~C— X 

h 5 e 2|Z«fcy*fil (Dm 2® 1 blC»2 3 0°Cr 'J 3? 

n-|g^Lfco COSffi 1 £J5f£L. SlUa 

S±I^LrSftl^1I1 ad^g^Btl^CQFP 
-LSI3aif'^Sp D q3bJffl|«Sn-2. 8Ag 
-15Bi-0. 5Cu (*(4:mass%) (Bfflfg 
SS:«15 5°C. tttifltiRft : Sfo2 0 4°C) (DltAjtz 
h 5 d 3 fCcfc Lj ft) 2 2 0°CT- U 7P-l*A/fittlt 
Lfco -<D££. 1211 b CD^a(Dl*3hLt5£6*Jjlll x Q F 
P-LSI 3aO)*»«1l=»»aT?B3ELfc^ ttlt 
W»l^*:7fflfil*B5gLtt<r*Slffi1 a^(D*)Z? 

CCD»1fi1COmiS{liJJ:y»Aa5p a p4S}fAL. f0g 
B (S2ffi) a>SR!cij^p— ftMSttfcW^fflaaic* 

L. Ig2®|r$tj1 5 0°C|CLfcS n-1Ag-57Bi 
<J»tt : ma s s %) (BfifSaft : 1 3 7°C. ftffilB 

a*: i 3 7°o a>*ai*A/«*ar. 7p-«u^ 

7 b 1 Kcfcy 7Q— liA/fittltftfrttofe. 
[0042] CCDg&S6«3-3<Z>ig^. a ^CD 

U7P-ffl(*A/f£5d3(DB«eSJS«J1 5 5°C. fc£ 
tf!2ilbA0)'j7 p— 5 e 2 0)B4S«;£jg 
»2 1 5°C£. $2S1 b^7P- ffl(*A/*£7 b 1 CD 
»tMaS»1 3 7°CJilJilC-r^Ci:fC c );oT. ^P- 

5d3. 5 e 2£^liL*H^?lC^£c,t;!><r££o 
*<DlSflL &l£&CDSl£iEB<DQFP-LS I © y — K 

p-ffl(iArt£7 b i a&Mi&afitt 1 3 7°C£. It/utd 

X h 5 d 3 0>B41f*aKtfl 1 5 5°C. fccfctfl*A,f£ 
h5 e 24>IMMUMtt2 1 5°C«fc U *«< Lt 
feSfctf). &2B1 b|Z"7P— fflf*A/t£7 b 1 £ffll*r 

y?p— afccfcu:m2®i bicy 

?P— f£*S£;Kf::(i^£^— X h 5 d 3. 5e2^0)g 

•(*istA/irfc<* $211 bittom* mi@i aico 



[0 0 4 3] Ja±KWLfcJ:3lc**MI** SMBKfc 

it*»^y-fiA/t£<7>B4aeas^ *2Bc:J3it«t& 
^y-»A/«<Da*maKi5i±-c**iB7y-ttA/fc # ic 
£ o r *r®gl£ co m 1 B fc * tfm 2 b * & iag® co # 
* izS^-Swa l r MjsM- « c tlz^^ r i^B 

[0044] a?«a&. »7'j-i* 

A//£ir«fe-3-c^«XS(DmiBlcy -?n—ttiA,l£toit1r- 

^y^p-i*A/f£f*itxst. 8»**tfca^»acDa 
fiiic*t lt. »ttMa**WB*iBf=j5it«tt7y- 

l*^£<D@Sig£Jt JaTCDffi? y — (*A/KIC J: oTWffi 

sjscom 1 bcd js worn 2 Bflj^ £ ? p— ax/fittit-r 

t^fc*«*aic J: or HB*l=+#<f*«MlK*»* C 
[0 0 4 5] 

0>»«ia«a>BBIc % LSI. ^^fflfi^CDfll^tta 

a*»*s«j«-r4tt7y-tt^fc # *fflL^r, to^ 

tt»K«T*t4ct4<, Kl::MjA€tiM 8 3°C 
icift-Sltr. B<ttt< % iL<i«rA«±i:4cttt< 
Hfa<DttMM«rtor(^/£f*itLri8««a>«Mtt 

lc«fc*Ui* #7XxiK^^«««a)*«ltfea>HBlc % 

^Sn-Ag- (Bi fccfctf/Sfcl* (CugKlil 
fiT$«Ct^<, SC:]ttjft*#l1 8 3°C(rig^lt 

r. m<i>te<* *l i:-&ctft<Bra<z>» 
«5iKrtori4A/e(*itLr*iJ!»a)«Mtttfii±* 

1*4 C£A<r 4. #&0£lc£;K 

l£. S n-A g-B i Xfi7U— f*^f££Jfllvt*f7X 
X/K^rvSS^CD^StS^CDLS I. ^^^ffla^fCD 

B : ?-6Pa<Da®SIKi:-tcDS®^(DaBIIK'\b»A»a 

tt«fit\ ^p-(*A/t£^it(Djg<Dain a pi4rtt. mia 

SP<D5iJt®T^fi z s-riz y ^ p— itAttzttit t y p— 
[Bffi<Dffi*feBl^] 

[H1] *«SBlc«4*1I'J7P-i:J|2l'J7P- 
(Dffl^^1i:C0»^y~Ji^£$fflt%fcSRII8S«S 
jF*riEBSr&*o 

[02] *^(Ci§SlIij7P-i:S2i7D-0 

lfl^*#3i*a)»^y-i*A/f£*fflL^fca**»»tt«* 

[03] *^WIC^^|gl B'J ^P~. »2B'J7P 

ffi 1 @?p— <Dffl^t>i±(Dia7y— i*A/f£$ffli^ 

f=Sttfttt»«$^'rjEBBT>ft«. 

[04] #3£Bj!ICi&£S n-Ag. Ag-Bi 2tc^^ 
8l:;0ofcSn»Ag-B i &3 5£^&<DBfcffi!aSffi 

(oga^^^-rgir&^o 
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[05] 4 5* e-ivtmmwnmv&mi&Zijk-tmx'S) 
a. 

[06] 4 5* v-ii>um&m-&\-tz&mmmm&$x 

1-*T«I8«. 1a-$1I, 1b-l2I, 

3 a -LSI. 3 b-^'V^ePS. 4-JfASB 
fq. 5 a ~ 5 e - 'J 7 n-ffl(97 'J -ttA/fc*. 7 a. 7 



b-7D- ffltS^U— liAyfi. 9-Sn-Ag-B i 3 

7c^si=fcit-& sn-Ag 2 7c#nta-ta>@ta*as 

a. 1 O-Sn-Ag-B i 3S&4Il:fcl+4Sn- 
A g 2 5c#i!ia.fca>5$ffltgS£. 11-Sn-Ag-B 
i 35c&*^ICfclt-5Ag-B i 2 7C«SlS±C7)@ffl^ 
SJS, 1 2-Sn-Ag-B i 3 jcn'MCfclti A g 

-b i 2 5c#gta_t<oia*stas£ 




